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Abstract 
Molecular electronics, or Moletronics for short, is the ultimate frontier in the use of electromagnetic 
interactions for information processing. Organic molecules, for instance, can be made small, and can transfer 
electrons with similar – or even better electrical characteristics than those of any present electronic device. 
Although technical difficulties associated with the use of smaller molecules are similar to those encountered 
with present semiconductor devices, e.g. heat removal, interconnection, and addressing problems, the use of 
small organic molecules allows us to propose other scenarios and architectures where these problems can 
be overcome. 
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Figure 1. Cartoon showing the need of tools to set a molecule between two electrodes. 

Adapted from J. Am. Chem. Soc. 2001, 123, 5616-5617. 

 
 
 
Moletronics is in its infant years. So far, only few experiments have been attempted in 
order to measure the electrical characteristics of a single molecule. In one of such 
experiments, named the break-junction experiment, one gold wire covered by self-
assembled 1,4 benzene-dithiol molecules is broken; then, the two metallic broken ends are 
approached to each other until a single molecule is trapped between broken ends. A 
voltage difference is applied between the two terminals and the current through the single 
molecule is measured.  
 
This experiment has been treated theoretically with the hope to reach an agreement with 
the experiment; however, lack of characterization techniques on the experimental, and 
computational approaches on the theoretical front have avoided a validation between 
theory and experiment as we are used at macroscopic scales.  The problem at the 
nanoscale is much more complex.  As expected, single molecule experiments are unique 
in structure because of the immense degrees of freedom available to attach a molecule 
between two "huge" pins. Several possible configurations are probable depending on the 
"random" dynamics of atoms and molecules.  On the other hand, the theoretical analysis 
requires of precise ab initio quantum chemistry techniques that goes beyond any 
parameterized method. 
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NanoSensing 
Molecular Dynamics Simulations of the Vibrational Signature Transfer from a 
Glycine Peptide Chain to Nanosized Gold Clusters  
L. Miao and J. M. Seminario, J. Phys. Chem. C, vol. 111 (23) 8366-8371 (2007) 
 
Molecular dynamics simulations are used to study a glycine polypeptide chain connected to 
gold nanoclusters. This system is used as a proof of concept for the development of 
scenarios for the transmission of signals encoded into molecular vibrations (vibronics) 
instead of the standard encoding in electron currents (electronics). We demonstrate 
theoretically that, although a linear polypeptide is not energetically stable thus not suitable 
to be connected to gold clusters, a prerelaxed polypeptide can stay connected to the 
nanosized gold electrodes showing a final stable structure, which is important for the 
design and development of molecular vibronics systems. The frequency analysis shows an 
observable change of the vibrational characteristics of the nanogold cluster due to the 
peptide presence, suggesting that such system can also be used as a sensor device for 
molecule detection. 
 
 

 
 

Figure 2. Adapted from L. Miao and J. M. Seminario, JPC. C, 2007 
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The nanoCell: A Chemically Assembled Molecular Electronic Circuit 
J. M. Seminario, Y. Ma, V. Tarigopula, IEEE Sensor Journal, vol. 6 (6), pp 1614-1626 
(2006) 
 
Computing is one of the most demanding applications of integrated circuits. It requires the 
highest possible speed to process information. Higher speeds imply smaller circuits, and 
therefore higher densities of integration. Thus, the most effective way to make faster 
circuits is by “scaling down,” i.e., reducing the device size proportionally. However, under 
present technology, miniaturization is mainly constrained by the amount of heat dissipated 
as the number of devices increases per unit area and by the ability of lithographic tools to 
chisel smaller details on bulk substrates; these are technical constraints. However, there 
are physical or natural constraints which are practically material independent (speed of 
light, size of atoms, response of the electron, and Planck constant). Two main scenarios 
have been proposed for using molecules or small group of atoms (clusters) to build devices 
able to perform logical operations, bypassing, to some extent, problems undermining 
miniaturization or scaling-down processes for integrated circuits. One approach is the 
crossbar; a promising technology that uses directed self-assembly to make nanoarrays 
similar in shape to those already fabricated at larger scales. 
  
Thus, we show that the nanoCell is a feasible concept for the development of electronics 
beyond deterministic lithographic approaches presently used in the fabrication of integrated 
circuits. The great importance and advantage of having molecular size computing devices 
is their ability to interact directly with external agents or molecules producing a sensor 
device already attached to a nanoprocessor able to strongly help in the stand-off detection 
of chemical and biological agents. by standard electronics. The other approach is the 
nanoCell, which is a complementary design in the sense that builds up (bottom-up) from 
single molecules into precise and complex structures that can be approached by standard 
lithography. This paper focuses on the description, advances, and possibilities of the 
nanoCell approach, which takes advantage of the great skills developed by chemists to 
synthesize molecules with precise arrangements of atoms in a molecule. The nanoCell 
concept does not require a deterministic assembly or deposition of molecules and clusters 
thanks to the recently discovered programmability feature of molecules.  
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Figure 3. Adapted from J. M. Seminario, et al. IEEE Sensor Journal, 2006. 

 

Intensity enhancement of the vibrational spectrum of oxygen when attached to a 
platinum nanocluster 
J. M. Seminario, L. Saenz, J. Chem. Phys., vol. 125, 174302 (2006) 
 
Detecting single molecules is a technical and scientific challenge and requires to increase 
the number of molecules or their cross section to a radiation field in order to have a 
detectable signal. We demonstrate for a single molecule of oxygen that, by attaching the 
molecule to a nanocluster, the molecule signature spectrum is transferred to the larger 
complex (molecule cluster). Therefore, the detection can focus on the complex, which can 
have a much larger cross section, rather than on the small molecule. This is based on the 
concept of signature transfer, which can be used to detect in the cluster several other 
properties of the attached molecule. 
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Figure 4. Adapted from J. M. Seminario and L. Saenz. JCP, 2006 

 

Molecular Programmability  
NDR, Switching, Controllers, Amplification, Memory, Transport 
Direct approach for the electron transport through molecules 

D. O. Ortiz and J. M. Seminario, J. Chem. Phys., 127, 111106 1-3, (2007) 

 
A very simple, straightforward, and easy to implement fully ab initio procedure for the 
determination of current-voltage characteristics in molecular junctions is presented. 
Application of this procedure predicts reasonably well the experimental findings for low bias 
voltages of a break junction experiment and can help us to characterize its geometry. 
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Figure 5. Adapted from D. Ortiz and J. M. Seminario. JCP, 2007. 

 
Moletronics, current-voltage characteristics 
Ab initio analysis of electron currents through benzene, naphthalene, and 
anthracene nanojunctions 
L. Yan, E. J. Bautista, and J. M. Seminario, Nanotechnology, 18, 485701 (8pp), (2007) 
The current–voltage characteristics of benzene, naphthalene, and anthracene attached to 
three types of nanoelectrode conformations are calculated using a combined density 
functional theory and Green’s functions approach, whereby the local chemistry and the 
extended physics of the problem are properly and fully incorporated. The selected 
molecules are important building units for a scenario of molecular devices to perform 
analog and logical operations. We find out that conductances are high and tunneling 
barriers are low when compared to saturated alkanes and unsaturated oligophenylene 
vinylenes. On the other hand, the conformation of the nanoelectrodes addressing the 
molecules has a strong effect on the current–voltage characteristics of the molecules. One 
of the studied conformations is able to eliminate the tunneling barrier by withdrawing 
electrons from the surface of the nanoelectrodes. 
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Figure 6. Adapted from L. Yan, et al. Nanotechnology, 2007 

 
Ab Initio Analysis of Electron Transport in Oligoglycines 
E. J. Bautista, L. Yan, and J. M. Seminario, J. Phys. Chem. C, 111 (39), 14552-14559 
(2007) 
 
We study the electrical characteristics of a group of glycine oligopeptides (1-, 3-, 6-, and 9-
mers) molecules attached to gold nanoelectrodes using a combined density functional 
theorysGreen’s function approach. Our procedure considers the applied voltage through 
the molecule and contacts, recalculates self-consistently the molecular orbitals, 
Hamiltonian and overlap matrices at each applied voltage, and uses these results to 
estimate the current-voltage characteristics such that the chemistry of the molecule is fully 
considered when including the effect of the nanoelectrodes. Our results show that 
oligoglycines can be used to tailor specific properties for the fabrication of molecular 
devices and the characteristics may be strongly affected by the few contact atoms 
addressing the molecule. Oligoglycines show transport behaviors that go from ohmic 
conductance to Schottky barriers as the length of the oligomers and conformation of the 
electrode atoms vary.  
 



J. M. Seminario 
Internet Electron. J. Nanoc. Moletrón. 2008, Vol. 6, N° 1, pp 1119 - 1146 

http://www.revista-nanociencia.ece.buap.mx 

1128

 

 
 

Figure 7. Adapted from E. Bautista, et al. JPC. C, 2007 

 
 
 
Conductance model of gold-molecule-silicon and carbon nanotube-molecule-silicon 
junctions 
L. A. Agapito, E. J. Bautista, and J. M. Seminario, Phys. Rev. B, 76, 115316 1-12, (2007). 
 
We estimate the conductance of molecular junctions composed of an oligo (phenylene 
ethynylene) (OPE) molecule sandwiched between a metallic gold or carbon nanotube on 
one end and a semiconducting silicon contact on the other end. Two very well defined, low 
and high, states of conductance (logic “0” and “1”) are obtained through changes in 
conformation or charge states of the OPE when two metallic contacts address the 
molecule. However, when a combination of a semiconducting and metallic contacts are 
used, the bistable states are lost at low bias voltages where a flat region of nearly zero 
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current in the current-voltage characteristic is predicted regardless of the conformation or 
charge state. 

 
 

Figure 8. Adapted from L. Agapito, et al. Phys. Rev. B, 2007. 

 
Electron Transport in Nano-Gold–Silicon Interfaces 
L. Yan and J. M. Seminario, Int. J. Quantum Chem., vol. 107 (2), pp 440-450 (2007) 
 
The electron transport characteristics of gold–silicon interfaces are studied using a 
combined ab initio approach of the Green’s function for electron transfer and quantum 
density functional theory (DFT) for finite and extended systems. The Kohn–Sham 
Hamiltonian of an extended cluster or molecule and the density of states (DOS) of bulk Si 
and Au are used to construct the interface Hamiltonian to obtain the DOS, electron 
transmission, and current–voltage characteristics of the interface. Diode behavior is 
observed with electron conduction when the gold side is positively biased with a threshold 
of 0.8 V. The presence of molecules trapped at the interface and the geometry of the metal 
atoms strongly affect the conductance, implying difficult or even impossible theory–
experiment validations.  
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Figure 9. Adapted from L. Yan and J. M. Seminario. Int. J. Quantum Chem., 2007 

 
Barriers for Electron Transport Ab initio analysis of electron currents in thioalkanes 
J. M. Seminario and L. Yan, Int. J. of Quantum Chem., Vol. 102, 711-723 (2005). 
 
A recent study of electron conduction mechanisms and current-voltage characteristics of 
thioalkanes has solved and old mismatch between the barriers for conduction between 
experimental and theoretical results. Most precise experiments agree on a barrier of ~1.5 
eV of one conduction channel (HOMO) after fitting the data to empirical models. On the 
other hand, precise calculations on the alkanes yield a barrier for the HOMO of ~0.8 eV. 
The errors with respect to the experiments of the high quality methods are much less than 
0.1 eV. On the other hand, experiments are performed on SAM with a large number of 
molecules where the problems of uncertainty of single molecules have been averaged. 
Therefore, there must be and strong error of interpretation of the empirical models used to 
predict barriers as neither the most experiments neither most calculation can be wrong. 
Thus, we investigated this problem and found that the mismatch was due to the fact that 
the conduction mechanism of thioalkanes or any other molecule is not only through the 
HOMO (or LUMO) but several other channels or molecular orbitals have also strong 
participation depending on their individual energies and geometrical shapes. The plot 
below clarifies that several channels (and each with different  barriers) participate in the 
conduction through thioalkanes instead of one as generally accepted.  
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The experimental data were actually yielding a weighted average barrier of several 
molecular orbitals. 
 
 

 
 

Figure 10. Adapted from J. M. Seminario and L. Yan. Int. J. Quantum Chem, 2005 

 
Electron Transport at Interfaces 
 
Field induced conformational changes in bimetallic oligoaniline junctions 
J. A. Sotelo, L. Yan, M. Wang, and J. M. Seminario, Phys. Rev. A, 022511 (13 pages) 
(2007) 
 
We report three types of nonplanar conformations, α, β, and γ, for a neutral isolated 
oligoaniline molecule as well as for an oligoaniline with Au and Pd atoms attached at its 
ends. Each type of conformation has several conformers of nearly equal energies. An 
applied external voltage can be used to switch between conformations, producing in the 
process a sharp decrease of their energies. These bias voltage-induced conformational 
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changes are a potential switching mechanism for two terminal molecular devices at the 
nanoscale domain. They cause the conductivity of the molecule to alternate between high 
and low states, compensating for the behavior of typical three-terminal devices, needed for 
the development of a gate-less electronics.  

 
 

Figure 11. Adapted from J. A. Sotelo, et al. Phys. Rev. A, 2007. 

 
Molecular dynamics simulations of signal transmission through a glycine peptide 
chain. 
L. Miao and J. M. Seminario, J. Chem. Phys., 127, 134708 1-5, (2007) 
 
The injection of finite duration vibrational signals encoding information into a biomolecular 
wire of the polypeptide glycine1000 is investigated theoretically using molecular dynamics 
simulations and digital signal processing techniques. We demonstrate that the amplitude 
modulated signal applied to one of the C–N bonds of the molecule transmits in the two 
directions through the long polypeptide molecule, which is connected to gold clusters at 
each of its ends. A decay of the signal propagation speed is observed along with intensity 
decay. On the other hand, the molecular dynamics simulations show that signal 
transmission is completely achievable at room temperature, thus realistic transmission of 
signals through linear molecules can be performed. 
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Figure 12. Adapted from L. Miao and J. M. Seminario, JCP, 2007 

 

 
 
Transfer of signatures from the vibrational spectrum of benzene to a silicon cluster 
J. M. Seminario and C. Herrera, Phys. Rev. A. 75, 063202 (2007) 
 
Detection of single molecules with present experimental techniques requires the 
enhancement of spectral intensities by several orders of magnitude. This is an ambitious 
goal for analytical techniques of sensors for chemical and biological agents. We have 
shown using first-principles techniques that the bonding of a benzene molecule to a silicon 
nanocluster yields at least one of the frontier molecular orbitals delocalized into the entire 
complex, strongly affecting its vibrational spectrum. This provides a means to detect the 
presence of the small molecule in the large complex, which can have several orders of 
magnitude larger cross section to standard chemical radiation techniques than the much 
smaller single molecule. Thus the transfer of the characteristics of the molecule into the 
cluster, through molecular orbital mixing, increases tremendously the possibilities of 
detection of the single molecule as the larger cluster is much more easily detectable and 
can have its size and gap tailored for the measurement.  
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Figure 13. Adapted from J. M. Seminario and C. Herrera. Phys. Rev. A. 2007 

 
 
Intensity enhancement of the vibrational spectrum of oxygen when attached to a 
platinum nanocluster 
J. Seminario, L. Saenz, J. Chem. Phys., vol. 125, 174302 (2006) 
 
Detecting single molecules is a technical and scientific challenge and requires to increase 
the number of molecules or their cross section to a radiation field in order to have a 
detectable signal. We demonstrate for a single molecule of oxygen that, by attaching the 
molecule to a nanocluster, the molecule signature spectrum is transferred to the larger 
complex (molecule cluster). Therefore, the detection can focus on the complex, which can 
have a much larger cross section, rather than on the small molecule. This is based on the 
concept of signature transfer, which can be used to detect in the cluster several other 
properties of the attached molecule. 
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Figure 14. Adapted from J. M. Seminario and L. Saenz. JCP, 2006 
 
Encoding and Transport of Information in Molecular and Biomolecular Systems 
J. M. Seminario, L. Yan, Y. Ma, IEEE Trans. Nanotechnology, vol. 5 (5) 436-440 (2006) 
 
We have proposed possible scenarios based on molecular electrostatic potentials and 
molecular vibrational modes that can be combined to process and encode information in 
nanosized circuits. These two intrinsic properties determine how molecules interact or 
communicate to each other and to themselves. These scenarios may provide the solution 
to satisfy the urgent need for exponential growth of computational performance and 
eventually to radically change the way how computation is performed. Presently, the 
increase in computational power is achieved by scaling down the size of devices. However, 
already at the nanometer scale, the process of scaling down is seriously limited by physical 
laws regardless of what materials are used. These limitations lead us to compromise the 
speed of electronic devices against heat removal, which is one of the consequences of 
scaling-down. The new scenarios would allow computing with molecules in a molecular 
friendly fashion and eventually in a way similar to those in biological systems. The 
molecular potentials and vibronics would indeed address the heating issues, which are the 
overarching killers at future technology nodes. 
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Figure 15. Adapted from J. M. Seminario, et al. IEEE Trans. Nanotechnology, 2006 
 
Encoding Information using Molecular Vibronics 
L. Yan, Y. Ma, and J. M. Seminario, J. Nanoscience and Nanotechnology, 5, 675-684 
(2006). 
Terahertz Signal Generation and Transmission in Molecular Systems 
L. Yan, Y. Ma, and J. M. Seminario, Int. J. High Speed Electronics Syst., vol 16, 669-675 
(2006) 
 
Our goal is to develop devices and methods for signal transmission along molecules at 
terahertz frequencies and to provide a computational proof of the feasibility of using 
molecular-vibrational modes for molecular circuits. We expect a strong impact in the field of 
ultrafast computing. The use of molecular vibronics only requires of less than 1 eV of 
energy to process or transfer one bit of information as opposed to the several thousands of 
eV needed in current micro-electronics. This research provides the most practical 
alternative to scale down integrated circuits several orders of magnitude than it is possible 
allowed with standard bulk devices 
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Figure 16. Adapted from Yan, et al. J. Nanoscience and Nanotechnology, 2006, and 

Yan, et al. Int. J. High Speed Electronics Syst, 2006. 

 
Molecular-based processing and transfer of information in the terahertz domain for 
military and security applications 
Y. Ma, L. Yan, and J. M. Seminario, Proc. SPIE vol. 6212, 621204:1-8 (2006). 
 
It has long been recognized the many advantages and potential payoffs that the 
development of THz based applications could bring to the military and security areas. We 
focus our implementation in the development of THz sensing and imaging for a wide range 
of military and security applications as systems operating at these frequencies have shown 
to have high sensitivity and selectivity when applied to the analysis of molecules. These 
are properties that are highly desirable in the design of sensing tools for the detection, 
identification and characterization of chemical and biological agents; and in the design of 
monitoring tools for the detection of these substances, both in closed and, with less 
selectivity, in open environments.  
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Figure 17. Adapted from Y. Ma, et al. Proc. SPIE, 2006 
 
 
Nano-Detectors Using Molecular Circuits Operating at THz Frequencies 
J. M. Seminario, L. Yan, and Y. Ma, Proc. SPIE, vol. 5995, 230-244 (2005) 
 
We proposed two scenarios for signal encoding and transmission in molecular circuits that 
can be used for standoff detection of biological and chemical agents: One is based on the 
characteristic vibrational behavior of molecules and clusters and the other is based on their 
molecular electrostatic potentials. It is proposed that these two scenarios can be used for 
molecular signal processing and transfer in molecular sensors; theoretical demonstrations 
using state of the art and precise computational techniques are presented for these two 
paradigms. The molecular electrostatic potential in the neighborhood of a molecule has 
very well defined zones of positive and negative potential that can be manipulated to 
encode information. On the other hand, vibrational modes of long molecules can be used 
to transfer signals between distances not accessible by standard fabrication techniques. In 
additions, the development of molecular amplifiers allows us to transfer signals through the 
nano-micro interface needed to pass the information to the macroscopic world. These 
scenarios allow extremely lower energies, higher speeds, and higher integration densities 
than in any other technology. Thus, the use of these two low-power consumption and 
extremely large bandwidth approaches allow us to operate at the THz range, the natural 
operation frequency of biological and chemical species. A review of our search for other 
scenarios for coding, processing and transport of information for sensing detection are 
provided. 
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Figure 18. Adapted from J. M. Seminario, et al. Proc. SPIE, 2005. 
 
Molecular Potentials for nano and moletronics 
Cascade Configuration of Logical Gates Processing Information Encoded in Molecular 
Potentials 
J. M. Seminario, L. Yan, Int. J. Quantum Chem., vol. 107 (3), pp 754-761 (2007) 

 
We demonstrate that the outputs of two molecular devices encoding information as 
electrostatic potentials are able to trigger a third one and yield a correct truth table, thus 
demonstrating the possibility to successfully interconnect extremely low-power 
consumption molecular devices. 

 
 

Figure 19. Adapted from J. M. Seminario and L. Yan., Int. J. Quantum Chem., 2007 
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Molecular electrostatic devices on graphite and silicon surfaces 
N. L. Rangel, J. M. Seminario, J. Phys. Chem. A, vol. 110 (44), pp 12298-12302 (2006) 
 
We demonstrate that molecular gates using molecular electrostatic potentials (MEP) can 
be used on hydrogenpassivated silicon substrates without any disturbance of their behavior 
in vacuum; however, the use of graphite as a substrate strongly affects such behavior. As 
expected, the substrate may become one more design variable. The ability to have several 
substrate alternatives is very important for the practical implementation of this new 
scenario based on molecular potentials. In general, the effect of the substrate can be 
predetermined by calculating the MEP of the surface as this indicates how strongly its 
intrinsic potential is. 
 

 
 

Figure 20. Adapted from N. Rangel and J. M. Seminario, JPC A, 2006. 
 
 
Bulk-Molecule Interfaces, Catalysis, TM Clusters 
Platinum testbeds: Interaction with oxygen 
L. R. Saenz, P. B. Balbuena, and J. M. Seminario, J. Phys. Chem. A, vol. 110, 11968-
11974 (2006) 
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We develop testbeds to study catalytic reactions modeled using the minimum number of 
platinum atoms needed to have an acceptable description of the chemistry on a realistic 
platinum surface that may include the contribution from a bulk continuum or may simply 
represent a local site on a nanocluster. In this particular case, the requirement is that a 
stable cluster may be connected to a stable bulk with equivalent highest occupied 
molecular orbital and Fermi level, respectively. We focus our work on the interaction of 
platinum clusters with molecular oxygen, which yields a  
complex cluster-molecule with fully delocalized molecular orbitals in the neighborhood of 
the Fermi energy of platinum, responsible for the interesting catalytic behavior of this 
material.  
 

 
 

Figure 21. Adapted from L. Saenz, et al. JPC A, 2006 
 
Bi-atomic substrates for bulk-molecule interfaces: The PtCo-oxygen interface,  
J. C. Sotelo and J. M. Seminario, J. Phys. Chem., 127 (24) 244706 (13 pp) (2007) 
 
We develop an ab initio procedure for materials participating in electron transfer reactions, 
to consider biatomic backgrounds (e.g., substrates, catalysts, electrodes), thus the precise 
effects of the continuum and long-range interactions as well as the effects of the discrete 
and local nature of the chemistry can be combined to study molecules under such biatomic 
backgrounds. We test this new procedure by studying the reactivity of molecular oxygen on 
bimetallic clusters of platinum and cobalt. The reaction of molecular oxygen on the surface 
of the L12 phase of Co

3
Pt yields three distinct chemisorbed precursors, two of which are 

energetically almost degenerate. One precursor is formed across a bridge site with the 
molecule parallel to the surface, the second one is formed at the bridge with the molecule 
again parallel to the surface, and the third is formed in the threefold fcc hollow site, with the 
molecule slightly tilted in a top-hollow-bridge geometry. 
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Figure 22. Adapted from J. Sotelo and J. M. Seminario. JPC, 2007 
 
Electronic Structure and Electron Transport Characteristics of a Cobalt Complex 
L. Yan, J. M. Seminario, J. Phys. Chem. A, Vol. 109, 6628-6633 (2005) 
 
In addition to developing organic materials, we investigated the electron conduction 
mechanism and I-V characteristics of cobalt complex molecules chemically attached 
between two gold pins via S-Au thiolate groups with better stable molecule-pin contacts 
because their dual S-Au bonding. The calculation shows that the cobalt complex has a D

2d 
structure with two ligands perpendicular to each other and the Co atom locates at the 
center of a distorted octahedron formed by six donor N atoms. At low oxidation state, the 
bond length between Co

2+ 
and pyrrole nitrogen is much shorter than the bond length 

between Co
2+ 

and pyridine nitrogen. The oxidation of Co
2+ 

to Co
3+ 

significantly shortens the 
bond length between Co and pyridine nitrogen. The HOMO energy of the extended 
molecule is very close to Fermi level of Au, this yields an ease hole-injection to the 
occupied MOs from Au anode. The cobalt complex is a good electron conductor both at 
low and high oxidation state. 
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Figure 23. Adapted from L. Yan and J. M. Seminario. JPC A, 2005 
 
 
Receptor-Ligand 
Identifying Receptor-Ligand Interactions through an ab Initio Approach 
P. F. Salazar and J. M. Seminario, J. Phys. Chem B, in press; 112(4); 1290-1292 (2008) 
 

 

 

 

 

 

 



J. M. Seminario 
Internet Electron. J. Nanoc. Moletrón. 2008, Vol. 6, N° 1, pp 1119 - 1146 

http://www.revista-nanociencia.ece.buap.mx 

1144

 
 

Figure 24. Adapted from Salazar and J. M. Seminario. JCP B, in press; 2008. 
 
Force Fields Development 
Harmonic Force Field for Glycine Oligopeptides  
E. J. Bautista and J. M. Seminario, Int. J. Quantum Chem. 108 (1) 180-188 (2008) 
 
The need for much more useful molecular dynamics simulations of nanosized system 
requires precise and unambiguous methods to determine force field parameters avoiding 
fitting procedures in favor of first principles ones. We use a procedure FUERZA to calculate 
force constant parameters for glycine oligopeptides using as an input the Hessian tensor 
from an ab initio calculation. For a molecular system having n atoms, The FUERZA 
procedure reduces the 3n x 3n problem to 3n 3 x 3 matrices representing atom-atom 
interactions. The procedure reproduces quite well most of the frequencies and as 
expected, it overestimates somehow stretching frequencies of bonds with terminal atoms 
such as hydrogens but it yields precise results for all other frequencies. A harmonic force 
field is reported for glycine oligopeptides. 
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Table 1. Comparison of bonding angles obtained with the B3PW91/631G* level of theory with those from the 
AMBER and CHARMM programs. Adapted from E. J. Bautista and J. M. Seminario, Int. J. Quantum Chem. 
2008. 

 

 
 
 
Determination of precise harmonic force constants for alanine polypeptides  
L. H. Reyes and J. M. Seminario, Theochem., 818, 125-129 (2007) 
 
We have developed a precise harmonic force field for alanine polypeptides extracted 
directly from the Hessian tensor of density functional theory calculations. The results yield 
force constants with very small deviations among the bonds and angles of different size of 
polypeptides providing a force field that reproduces the vibrational spectrum needed to 
perform molecular dynamics simulations focusing in the use of the vibrational spectrum to 
transfer information. In this first principles method, no fitting procedures are used in the 
formalism for the generation of force field constants. 
 
Table 2. Force constants (k) and bond lengths (b) for the alanine polypeptides bonds including their standard 
deviations and the number (n) of samples used for the average.  Adapted from L. H. Reyes and J. M. 
Seminario. Theochem, 2007  
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ab initio bench-marking, Theory 
Simple Energy Corrections for Precise Atomization Energies of CHON Molecules 
P. F. Salazar and J. M. Seminario, J. Phys. Chem. A, 111 (43) 11160-11165 (2007). 
 
We test a few ways to improve atomization energies of CHON molecules and found that 
the best way to do it is simply by correcting the atom energies of the participating atoms. 
Extraordinary improvement on the average errors is obtained. For the HF/6-31G** level of 
theory an average error of 271.2 kcal/mol on 115 molecules is improved to 6.7 kcal/mol 
simply by correcting the atomic energy of the four chon atoms. The corrections to density 
functional methods allow us to reach a chemical accuracy of 2 kcal/mol.  
 

 

Table 3. Average Errors Using the Training Set for Several Levels of Theory.  Adapted from P. F. Salazar 
and J. M. Seminario, JPC A. 2007. 
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